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16.  Abstract 

This  report  is  a companion  document  to  the  Contractor  Final  Report  Issued  under  this 
contract.  The  report  describes  the  acoustic  test  models,  the  test  facility,  and  the  data 
acquisition/reduction  procedures.  A detailed  definition  of  all  test  points  is  listed  in  tabular 
form.  Results  of  both  the  acoustic  and  laser  veloclmeter  tests  are  presented  in  a reduced  data 
format  following  the  standard  pract^f.-'e  of  General  Electric's  Jet  Noise  Technology  Section. 

Discussions  and  interpretations  of  the  test  results  are  contained  in  the  Final  Report, 

In  all,  six  coannular  plug  nozzle  configurations,  having  Inverted  velocity  and  temperature  profiles,] 
and  a baseline  convergent  conical  nozzle  were  tested  for  simulated  flight  acoustic  evaluation  in 
General  Electric's  Anechoic  Free-Jet  Acoustic  Facility.  The  nozzles  were  tested  over  a range  of 
test  conditions  that  are  typical  of  a Variable  Cycle  Engine  for  application  to  advanced  high  speed 
aircraft.  Tlie  outer  stream  radius  ratio  for  most  of  the  configurations  was  0.853,  and  the 
inner-stream-outer-stream  area  ratio  was  tested  in  the  range  of  0,2  to  0.54.  Other  variables 
investigated  were  the  influence  of  bypass  struts,  a simple  noncontoured  convergent-divergent  outer 
stream  nozzle  for  forward  quadrant  shock  noise  control,  and  the  effects  of  varying  outer  stream 
radius  and  inner-stream-to-outer-stream  velocity  ratios  on  the  flight  noise  signatures  of  the 
nozzles.  It  was  found  that  in  simulated  flight,  the  high-radius-ratio  coannular  plug  nozzles 
maintain  their  jet  noise  and  shock  noise  reduction  features  previously  observed  in  static  testing. 
The  presence  of  nozzle  bypass  struts  will  not  significantly  effect  the  acoustic  noise  reduction 
features  of  a General  Electric-type  nozzle  design.  A unique  coannular  plug  nozzle  flight  acoustic 
spectral  prediction  method  was  identified  and  found  to  predict  the  measured  results  quite  well. 
Special  laser  veloclmeter  and  acoustic  measurements  were  performed  which  have  given  new  insight 
into  the  jet  and  shock  noise  reduction  mechanisms  of  coannular  plug  nozzles  with  regard  to 
identifying  further  beneficial  research  efforts. 


17.  Key  Words  (Suggested  by  Author(s)) 

Coannular  plug  nozzle  jet  noise;  supersonic 
jet  noise  reduction;  variable  cycle  trglne; 
acoustic  flight  noise  simulation;  laser 
veloclmeter  measurements 


19.  Security  Oissif.  (of  this  repr>rt) 
Unclassified 


18.  Distribution  Sutement 


20.  Security  Classif.  (of  this  page) 
Unclassified 


21.  No.  of  Pages 
1627 


22.  Price* 


' For  sale  by  the  National  Technical  information  Service,  Springfield,  Virginia  221G1 


NASA-C-168  (Rev.  10-75) 


TABLE  OF  CONTENTS 


Section 


Page 


1.0  INTRODUCTION  1 

2.0  DESCRIPTION  OF  ACOUSTIC  MODELS  2 

3.0  DESCRIPTION  OF  TEST  FACILITY  ' 11 

3.1  Acoustic  Facility  Description  11 

3.2  Acoustic  Characteristics  of  Anechoic  Chamber  13 

3.2.1  Inverse  Square  Law  Tests  13 

3.2.2  Background  Noise  17 

3.3  Description  of  Aerodynamic  Tests  22 

3.3.1  Mean  Velocity  Profile  Test  22 

3.3.2  Turbulent  Velocity  Profile  Test  26 

3.3.3  Tertiary  Plume  S3mmetry  Test  26 

3.3.4  Tertiary  Plume  Development  30 

3.4  Facility  Operating  Domain  35 

4.0  DATA  ACQUISITION  AND  REDUCTION  37 

4.1  Acoustic  Data  Acquisition  and  Reduction  • 37 

4.2  Description  of  the  Flight  Transformation 

Technique  -42 

4.2.1  Objective  and  Concept  42 

4.2.2  Algorithm  Description  43 

4.2.3  Further  Details  43 

4.3  Laser  Velocimeter  Data  Acquisition  and  Reduction  53 

4.3.1  Basic  Idea  for  LV  Measurements  55 

4.3.2  Histogram  55 

4.3.3  Mean  Velocity  57 

4.3.4  Turbulent  Velocity  57 

4.3.5  Statistical  Errors  for  LV  Mean  and  Turbulent 

Velocity  57 

4.3.6  LV  Traverses  for  Mean  Velocity  Profiles  59 

4.4  Aerodynamic  Data  Acquisition  and  Reduction  59 

4.4.1  Nozzle  Pressure  and  Temperature  Measurements  60 

4.4.2  Performance  Data  Processing  60 

4.4.3  Humidity  and  Temperature  Measurement  62 

5.0  TEST  POINT  DEFINITION  64 

6.0  TEST  RESULTS  76 

6.1  Acoustic  Test  Results  76 

6.1.1  Measured  Acoustic  Data  for  Model  1 80 

6.1.2  Measured  Acoustic  Data  for  Model  lA  138 

6.1.3  Measured  Acoustic  Data  for  Model  2 202 

6.1.4  Measured  Acoustic  Data  for  Model  3 269 

6.1.5  Measured  Acoustic  Data  for  Model  4 324 

6.1.6  Measured  Acoustic  Data  for  Model  5 355 

6.1.7  Measured  Acoustic  Data  for  Model  6 419 

6.1.8  Measured  Acoustic  Data  for  Model  7 480 


iii 


PRECEDING  PAGE  BLANK  NOT  FILMED 


TABLE  OF  CONTENTS  (Concluded) 


Section  Page 

6.2  Laser  Velocimeter  Test  Results  733 

6.2.1  Laser  Velocimeter  Data  for  Model  1 734 

6.2.2  Laser  Velocimeter  Data  for  Model  lA  853 

6.2.3  Laser  Velocimeter  Data  for  Model  2‘  868 

6.2.4  Laser  Velocimeter  Data  for  Model  3 1171 

6.2.5  Laser  Velocimeter  Data  for  Model  5 1217 

6.2.6  Laser  Velocimeter  Data  for  Model  6 1263 

6.2.7  Laser.  Velocimeter  Data  for  Model  7 1433 

7.0  References  1627 


iv 


LIST  OF  FIGURES 


I 


Figure  Page 

1.  Details  of  Models  1,  2,  and  3 Assemblies.  3 

2.  Details  of  Model  4 Assembly.  5 

3.  Details  of  Conic  Model  5 Assembly.  7 

4.  Details  of  Models  6 and  7 Assemblies.  8 

5.  Details  of  Nozzle  Area  Calculations.  10 

6.  General  Electric  Anechoic  Free  Jet/ Jet  Noise  Facility 

Schematic.  12 

7.  Free  Jet  Arrangement  in  Cell  41  Anechoic  Facility.  14 

8.  Overhead  View  of  the  Tertiary  Flow  Stream  with  a Conic 

Nozzle  Installed.  15 

9.  Inverse  Square  Law  Test  at  90°  with  Tertiary  and  Coannular 

Nozzle  Hardware  (Bass,  Bauer  and  Evans  Atmospheric  Cor- 
rection Included),  Lossless  for  160  Hz  <f<  620  Hz,  Used 
Speaked  and  for  1000  Hz  <f<  80  kHz,  Used  Air  Ball.  16 

10.  Standard  Deviation  of  Inverse  Square  Law  Tests  with 

Tertiary  and  Coannular  Nozzle  Hardware.  18 

11.  Comparison  of  Coannular  Jet  Noise  Spectra  with  the 
Tertiary  (Background)  Noise  Spectra  6_  = 50° , 40  Ft 

Arc  Data.  19 

12.  Comparison  of  Coannular  Jet  Noise  Spectra  with  the 
Tertiary  (Background)  Noise  Spectra  6^  = 90° , 40  Ft 

Arc  Data.  20 

13.  Comparison  of  Coannular  Jet  Noise  Spectra  with  the 
Tertiary  (Background)  Noise  Spectra  6^  = 150°,  40  Ft 
Arc  Data. 

14.  Schematic  of  Free  Jet  Test  Arrangement,  View  Looking 

East.  23 

15.  Radial  Variation  of  Free  Jet  Mean  Velocity  Laser 

Velocimeter  Data.  24 

16.  Axial  Variation  of  Free  Jet  Mean  Velocity  Laser 

Velocimeter  Data.  25 

17.  Radial  Variation  of  Free  Jet  Axial  Turbulence  Laser 

Velocimeter  Data.  27 

18.  Axial  Variation  of  Free  Jet  Axial  Turbulence  Laser 

Velocimeter  Data.  28 

19.  Azimuthal  Variation  of  Free  Jet  Mean  Velocity  at 

M = 0.3  Laser  Velocimeter /Hot  Wire  Data.  29 


V 


LIST  OF  FIGURES  (Concluded) 

Figure  Page 

20.  Azimuthal  Variation  of  Free  Jet  Mean  Velocity  at 

M = 0,174  Laser  Velocimeter/Hot  Wire  Data.  31 

21.  Azimuthal  Variation  of  Free  Jet  Turbulence  Intensity 

at  M = 0.3  Laser  Velocimeter/Hot  Wire  Data.  32 

22.  Azimuthal  Variation  of  Free  Jet  Turbulence  Intensity 

at  M = 0.174  Laser  Velocimeter/Hot  Wire  Data.  33 

23.  Axial  Variation  of  Free  Jet  Mean  Velocity  HW/LV  Data.  34 

24.  Dual  Flow  Operating  Domain.  36 

25.  Flow  Chart  Showing  the  Acoustic  Data  Acquisition  and 

Reduction  Procedure.  38 

26.  Flow  Chart  for  the  Full  Scale  Data  Reduction  Program.  41 

27.  Algorithm  Description.  44 

28.  Laser  Velocimeter  System  Installed  in  the  Anechoic 

Chamber.  . 54 

29.  Schematic  of  Laser  Velocity  Measurements.  56 

30.  General  Electric  Anechoic  Chamber  Aerodynamic  Data 

Processing  System.  61 


vi 


LIST  OF  TABLES 


Table 


Pajge 


I. 

Detailed  Dimensions  of  Model  Nozzles. 

9 

II. 

Estimated  Percent  Error  in  the  LV  Measurement  of 
Velocity  with  95%  Confidence, 

Mean 

58 

III. 

Estimated  Percent  Error  for 
ments  with  95%  Co'vfidence. 

LV  Turbulent  Velocity  Measure- 

58 

IV. 

Aerodynamic  Test  Matrix 

for 

Laser  Velocimeter  Tests. 

66 

V. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

1. 

67 

VI. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

lA. 

68 

VII. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

2. 

69 

VIII. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

3. 

70 

IX. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

4. 

71 

X. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

5. 

72 

XI. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

6. 

73 

XII. 

Aerodynamic  Test  Matrix 

for 

Acoustic 

Data, 

Model 

7. 

74 

XIII. 

Sample  Data  Sheet. 

77 

XIV. 

Sample  Data  Sheet. 

78 

XV. 

Sample  Data  Sheet. 

79 

XVI. 

LV  Log  Sheet  Model  1. 

735 

XVII. 

LV  Log  Sheet  Model  lA. 

854 

XVIII. 

LV  Log  Sheet  Model  2. 

869 

XIX. 

LV  Log  Sheet  Model  3. 

1172 

XX. 

LV  Log  Sheet  Model  5. 

1218 

XXI. 

LV  Log  Sheet  Model  6. 

1264 

XXII. 

LV  Log  Sheet  Model  7. 

1434 

vii 


2.0  DESCRIPTION  OF  ACOUSTIC  MODELS 


Seven  nozzle  configurations  (six  coanmilar  plug  and  one  circular  conic 
nozzle)  were  selected  and  tested  in  %his  program.  The  nozzle  selections  and 
design  details  are  discussed  in  a Design  Report  (Reference  1).  The  coannular 
plug  nozzles  selected  were  generic  to  General  Electric's  exhaust  nozzle  con- 
cepts for  application  to  Advanced  Supersonic  Tschnology  Variable  Cycle  Engine 
(AST/VCE).  These  AST/VGE  nozzles  are  generally  of  a high  outerstream  radius 
ratio  design  with  coannular  (noncoplanar)  flows  and  on  a plug  nozzle  arrange- 
ment. The  flows  are  of  an  inverted  velocity  and  temperature  nature. 

Drawings  of  nozzle  arrangements  for  Models  1,  2,  3 and  4 are  shown  in 
Figure  1.  As  shown,  this  figure  shows  Model  I.  This  model  had  the  inner 

nozzle  lip  with  a non-contoured,  convergent-divergent  (C-D)  termination. 

Note  4 on  Figure  1 defines  throat  to  exit  areas  for  this  configuration.  This 
design  was  not  actually  desired  but  inadvertently  fabricated  when  the  manufac- 
turer used  a boring  process  to  terminate  the  inner  nozzle  rather  than  facing 
the  inner  nozzle  outer  shroud  so  chat  a simple  convergent  termination  could  be 
obtained.  This  C-D  termination  was  only  noticed  when  post  test  geometry  measure- 
ments were  being  taken.  As  can  be  noted  from  the  insert  note  4 on  Figure  I, 
the  C-D  area  expansion  of  4^/4^  * 1.21  occurred  within  a length  of  only  0.118 
Inches  and  was  not  at  first  detected  in  the  hardware  checkout.  This  model  was 
tested  and  the  data  is  contained  herein,  but  this  G-D  inner  stream  lip  was 

reworked  to  have  an  inner  stream  convergent  termination  and  was  designated  as 

Model  lA.  All  of  the  other  models  were  also  tested  with  this  inner  stream  conic 
termination.  Model  lA  then  was  a near  similitude  coannular  plug  nozzle  to  a 
YJIOI  engine  test  nozzle  which  was  tested  under  NASA3-20582  (See  GR-159869). 

Other  detailed  nozzle  dimensions  for  these  models  and  the  others  are  contained 
in  Table  I.  Of  particular  note  for  Model  lA  (and  1)  is  the  existence  of  eight 
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Kbte  2 Outer  Flovpith  Aera  Dlatrlbutlon 
Thru  the  Region  of  the  Strut 


Figure  1.  Details  of  Models  1.  3 and  4 Assemblies 


struts.  These  struts  were  designed  as  near  similitude  designs  to  the  YJIOI 
engine  design,  as  noted  above,  and  are  used  in  engine  application  tc  pass 
the  outer  fan  duct  flow  into  the  inner  nozzle.  Since  the  General  Electric 


Anechpic  Free-Jet  Acoustic  Test  Facility  contains  independent  temperature 
and  pressure  of  each  stream,  it  was  not  necessary  to  physically  invert  the 
flow.  Thus  the  nozzle  flow  conditions  and  flow  distributions  around  the 
outer  struts  were  simulated  in  these  model  scale  experiments,  but  the  duct 
flow  through  the  struts  was  not  attempted  or  considered  important  to  these 
acoustic  simulations.  The  area  distribution  through  t^e  region  of  the  strut 

I 

is  shown  in  the  upper  right  hand  corner  of  Figure  1.  Any  other  design 

details  should  be  obtained  from  Reference  1. 

Model  2 was  obtained  by  simply  removing  the  struts;  thus,  by  comparing 

Models  lA  and  2 a determination  of  the  influence  of  struts  on'  the  nozzle 

exhaust  noise  radiation  can  be  made.  Model  3 was  similar  to  Model  2 in 

terms  of  outer  flow  radius  ratio  and  inner  to  outer  nozzle  area  ratio 

(R°'''.85  and  A^^.2  --  See  Table  I)  and  without  struts.  But  now  the  outer 
r r 

stream  nozzle  was  configured  to  be  a convergent  termination  rather  than  the 
C-D  terminations  of  Models  1,  lA  and  2.  This  termination  was  obtained  by  the 
removal  of  a . 554  inch  spacer  located  in  the  outer  flow  hardware  at  axial 
station  150  (See  Figure  2 for  the  location  of  this  space  piece).  Thus,  by 
comparing  Models  2 and  3,  the  effect  of  outer  stream  terminations  can  be 
evaluated. 

Model  4 was  obtained  by  removing  the  1.480  inch  spacer  from  the  inner 
plug  identified  in  Figure  1.  Figure  2 shows  the  assembly  drawing  of  Model  4. 
This  drawing  also  shows  the  location  of  the  tertiary  nozzle  and  the  locations 
of  nozzles  and  tertiary  charging  stations  (designated  by  axial  station  numbers). 
Thus  by  comparing  Models  4 and  3,  an  acoustic  evaluation  of  tlj^  influence  of 
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inner  stream  area  ratio  from  0.326  to  0.194,  for  the  same  outer  and  inner 
nozzle  terminations  and  the  same  outer  nozzle  radius  ratio  85),  can 

be  nade. 

Model  3 was  the  baseline  circular  convergent  conical  nozzle.  Figure  3 
and  Table  I define  the  important  geometric  parameters  for  this  model. 

The  coannular  plug  nozzles  6 and  7 designs  are  shown  in  Figure  4. 

These  nozzles  were  previously  tested  statically  under  contract  NAS3-19777 

(NASA  CR-3149).  By  comparing  Models  6 and  4,  the  influence  of  outer  nozzle 

radius  ratio  can  be  determined  (A^<'^.52  for  both  while  Model  6 has  R°^^.  901 

and  Model  4 has  a R°'''.85).  Model  7 was  similar  to  Model  lA  but.  did  not 

r 

have  struts  or  a similitude  outer  nozzle  flow  path  to  the  YJ.1.01  engine  test 
nozzle  mentioned  earlier.  The  inner  to  outer  nozzle  area  ratio,  A^,  was  also 
slightly  larger  (A^'vQ.324  vs  0.194  for  Model  lA).  Since  this  model  was 
existing,  testing  was  initiated  on  this  model  first;  and  much  of  the  aerother- 
modynamic  acoustic  parametric  testing  described  in  Section  5.0  was  performed 
on  this  nozzle. 

Table  I suriunarizes  the  detailed  model  dimensions.  Note  that  the  inner 
nozzle  exit  dimensions  are  only  shown  for  Model  1,  since  all  other  models  were 
with  a convergent  conic  nozzle  termination  (i.e. , with  the  same  location  for 
the  throat  and  exit).  Other  details  of  the  nozzle  area  calculations  are  con- 
tained in  Figure  5.  Note  that  the  cos  0 is  needed  in  the  area  calculations 
for  the  nozzles  with  a throat  at  an  angle  0 to  the  vertical. 
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liable  I.  Detailed  Dimensions  of  Model  Nozzles. 


Parameter 

Symbol 

m4 

U 

2 

3 

U 

4 

6 

7 

Outer  Throat  Height 

-h°,  inches 

0.67S 

0.675 

0.675 

0.675 

0.675 

0.«32 

0.680 

Inner  Throat  Height 

h^,  inches 

0.140 

0.20 

0.197 

0.20 

0.582 

H 

0.309 

0.307 

Outer  Throat  Area 

Aj“,  in.^ 

18.049 

18.049 

18.049 

18.049 

18.049 

20.38 

11.224 

18.171 

Inner  Throat  Area 

aJ.  In.^ 

2.470 

3.496 

3.446 

3.496 

9.499 

— 

5.847 

5.815 

Throat  Area  Ratio  , 

aJ/a° 

0.137 

0.194 

0.191 

0.194 

0.526 

— 

0.521 

0.324 

Total  Throat  Area 

A^.  in.^ 

20.519 

21.545 

21.495 

21.545 

27.548 

20.38 

17.071 

23.986 

Equivalent  Diameter 
Baaed  on  Throat  Area 

D^q  t inches 

5.11 

5.24 

5.23 

5.24 

5.92 

5.09 

4.66 

5.53 

Outer  Exit  Height 

h°,  inches 

e’ 

0.757 

0.757 

0.757 

— 

— 

— 

— 

— 

Inner  Exit  Height 

h^.  Inches 

0.1705 

— 

— 

— 

— 

— 

— 

Outer  Exit  Area 

A°,  In.^ 

20.060 

20.060 

2C.060 

— 

— 

— 

— 

— 

Inner  Exit  Area 

A^.  In.^ 

2.992 

— 

— 

— 

— 

— 

— 

Exit  Area  Ratio 

*^*e 

0.149 

— 

— 

— 

— 

— 

— 

— 

Outer  Exit /Throat 
Area  Ratio 

A°/A°t 

1.11 

1.11 

1.11 

— 

— 

— 

— 

— 

Total  Exit  Area 

a‘,  In.^ 

23.052 

— 

— 

— 

— 

— 

— 

— 

Equivalent  Diameter 
Baaed  on  Exit  Area 

D , Inches 

5.42 

— 

— 

— 

— 

— 

— 

— 

Outer  Hub  Radius 

R°,  inches 

3.918 

3.918 

3.918 

3.918 

3.918 

— 

3.918 

3.918 

Outer  Tip  Radius 

R^,  Inches 

4.593 

4.593 

4.593 

4.593 

4.593 

2.547 

4.350 

4.593 

Inner  Hub  Radius 

R^,  Inches 

2.740 

2.686 

2.686 

2.686 

2.317 

— 

2.858 

2.858 

Inner  Tip  Radius 

R^.  Inches 

2.875 

2.879 

2.879 

2.879 

2.879 

— 

3.167 

3.167 

Outer  Radius  Ratio 

R°'-  (R°/R2) 

0.853 

0.853 

0.853 

0.853 

0.853 

— 

0.901 

0.853 

Inner  Radius  Ratio 

“r  ■ 

0.953 

0.933 

0.933 

0.933 

0.805 

— 

0.902 

0.902 

Outer  Exit  Stagger 

X°,  Inches 

3.466 

3.346 

3.346 

3.900 

3.900 

— 

3.176 

3.150 

Outer  Stagger/Outer 
Throat  Height 

X®/h° 

5.13 

4.96 

4.96 

5.78 

5.78 

— 

7.35 

4.63 

Shroud  Angle 

9^,  degrees 
9 

15* 

15‘ 

15* 

15* 

15’ 

— 

11* 

ll~ 

Plug  Angle 

2 

degrees 

15* 

15* 

15* 

15* 

15* 

— 

15* 

15* 

Internal  Struts 

Yes 

Yet 

No 

No 

No 

No 

No 

No 

C-D  or  Convergent  Outer 

C-D 

C-D 

C-0 

Conic 

Conic 

Conic 

Conic 

Conic 

C~D  or  Convergent  Inner 

C-D 

Conic 

Conic 

Conic 

Conic 

— 

Conic 

Conic 

H 

I 
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3.0  DESCRIPTION  OF  TEST  FACILITY 


3.1  ACOUSTIC  FACILITY  DESCRIPTION 

All  acoustic  testing  was  performed  in  the  General  Electric  jet  noise 
anechoic  test  facility  located  in  Evendale,  Ohio.  This  facility  can  accom- 
modate nwdel  e.xhaust  nozzle  configurations  ranging  in  size  from  a 0.08  in.  to  a 
6.25  in.  diameter  model  and  has  the  capability  to  run  both  single  and  dual  flow 
models.  In  addition,  a 4 foot  diameter  tertiary  duct  surrounds  the  model  noz- 
zles with  airflow  which  can  be  used  to  simulate  forward  flight. 

A schematic  of  the  jet  noise  anechoic  facility  showing  the  triaxial  flow 
arrangement  (i.e.,  fan,  core,  and  tertiary  flow)  is  presented  in  Figure  6. 

The  fan  and  core  airflows  separate  off  from  the  main  header  and  flow  through 
individual  orifice  flow  rate  meters,  combustors,  silencers,  and  plenum  cham- 
bers before  entering  the  model  nozzle.  The  dual  flow  arrangement  is  described 
in  detail  in  Reference  2. 

The  tertiary  air  system  consists  of  a 250,000  scfm  (50  inches  HoQ  static 
pressure)  fan  and  3500  hp  electric  motor.  Transition  ductwork  and  silencer 
route  the  air  from  the  fan  discharge  to  the  tertiary  plenum  chamber.  The  si- 
lencer reduces  the  noise  level  by  30-50  dB.  Air  supply  to  the  fan  is-  pulled 
through  the  existing  buildup  area  inlet  silencer.  The  tertiary  plenum  chamber 
(14  feet  X 12  feet  x 10  feet)  is  located  just  below  the  test  deck.  Three 
walls  and  the  floor  are  covered  with  acoustic  treatment  (4  inch  thick  fiber 
glass  pillows  covered  with  fiber  glass  cloth  and  perforated  plate).  The  co- 
annular  plenum  chamber  remains,  as  before,  in  the  new  tertiary  plenum  chamber. 
Air  enters  the  plenum  flowing  horizontally,  then  turns  vertically,  and  enters 
a 6 feet  long  cylindrical  test  section  which  is  7 feet  in  diameter  mounted  on 
the  top  of  the  test  deck.  This  cylindrical  duct  contains  a flow  straightening 
screen  and  honeycomb  (10  inch  length  x 14  inch  hexagonal  cells)  section.  The 
duct  then  smoothly  transitions  to  the  4 foot  diameter  tertiary  discharge  noz- 
zle at  the  exit  plane.  This  yields  a free-jet-to-jet-nozzle  area  ratio  of 
about  63  (based  on  6-inch  equivalent  diameter  nozzle).  Maximum  tertiary  flow 
rate  of  about  310  Ib/sec  permits  simulation  of  Mach  numbers  in  excess  of  0.30. 
Mach  number  variation  is  obtained  by  varying  the  fan  inlet  vanes  (changing  the 
tertiary  airflow  rate). 
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Figure  6.  General  Electric  Anechoic  Free  Jet/Jet  Noise  Facility  Schematic. 
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A Mach  number  of  approximately  0.41  was  obtained  with  the  vanes  fully 
open.  Entrained  flow  from  the  outside  passes  through  a silencer  and  enters 
the  anechoic  chamber  through  the  acoustic  wedges  on  the  floor.  The  airflow 
exits  through  the  ’*T"  exhaust  stack  in  the  ceiling  of  the  chamber  directly 
over  the  nozzles.  A schematic  of  the  jet  noise  anechoic  facility  showing  the 
tertiary  flow  arrangement  and  microphone  locations  is  shown  in  Figure  7. 

Visual  observations  of  tufts  located  on  the  exhauster  and  ceiling  mikes 
during  maximum  tertiary  flow  conditions  indicated  that  no  chamber  recircula- 
tion existed.  A windmeter  at  the  130“  mike  indicated  velocities  below  1 
ft/sec . 

The  tertiary  flow  rate  can  be  determined  from  either  a total  pressure 
rake  or  from  static  pressure  taps  located  around  the  tertiary  exhaust.  The 
total  pressure  rake  was  removed  during  acoustic  testing  to  avoid  additional 
strut  noise. 

An  overhead  view  of  the  tertiary  with  a conic  nozzle  installed  is  shown 
in  Figure  8.  Acoustic  wedges  surround  the  outside  of  the  tertiary  duct  as 
well  as  on  the  walls,  ceiling,  and  floor  of  the  anechoic  chamber.  The  walk- 
way grating  is  removed  prior  to  acoustic  testing.  The  laser  velocimeter  (LV) 
shown  in  the  far  right  of  the  figure  is  also  removed  during  acoustic  testing. 

3.2  ACOUSTIC  CHARACTERISTICS  OF  ANECHOIC  CHAMBER 

Both  inverse  square  laws  and  background  noise  level  tests  were  conducted 
at  no  cost  to  this  NASA  program  to  provide  iniormation  on  the  acoustic  charac- 
teristics of  the  anechoic  chamber.  The  results  of  these  tests  are  reported 
herein. 


3.2.1  Inverse  Square  Law  Tests 

The  inverse  square  law  tests  at  the  90“  microphone  position  are  shown  in 
Figure  9.  Both  tertiary  and  coannular  nozzle  hardware  were  in  place  for  this 
static  test.  A speaker  was  used  as  the  sound  source  for  frequencies  from 
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Figure  7.  Free  Jet  Arrangement  in  Cell  41  Anechoic  Facility 
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Figure  8.  Overhead  View  of  the  Tertiary  Flow  Stream  with  a Conic  Nozzle  Installed. 


160  Hz  to  630  Rz,  and  an  air  ball  was  used  for  frequencies  from  1000  Hz  to  80 
kHz.  The  details  of  the  procedure  are  given  in  Reference  2.  A microphone 
was  traversed  from  a position  of  5 feet  from  the  noise  source  to  a position 
near  the  far  wall  wedges.  Data  recorded  at  six  to  seven  positions  along  the 
traverse  are  shown  in  Figure  9.  The  data  follow  the  6 dB  reduction  per  dou- 
bling of  distance  trend  quite  well. 

The  standard  deviation. of  the  inverse  square  law  tests  for  five  angles 
is  shown  in  Figure  10.  The  calculation  for  the  standard  deviation  is  derived 
and  described  in  Reference  2.  Two  axial  locations  of  the  air  ball  sound  source 
downstream  of  the  tertiary  (66  inches  and  101  inches)  were  used  in  addition  to 
the  standard  36  inch  distance  in  order  to  obtain  the  actual  standard  deviation 
for  the  40*  microphone.  It  was  realized  that  the  air  ball  located  at  Location 
A (see  Figure  7)  did  not  represent  the  source  location  of  the  lower  and  mid- 
frequencies. The  *'line-of-sight"  for  those  frequencies,  whose  sources  are 
located  further  downstream,  would  be  less  influenced  by  the  wedges.  The  data 
for  the  two  positions  "B"  and  "C"  (Figure  7)  are  shown  in  Figure  10.  Very 
little  difference  in  levels  is  found  between  the  two  positions.  Comparison  of 
this  data  with  that  at  position  "A"  (i.e. , 36  inches  downstream  of  the  ter- 
tiary) shows  the  interference  caused  by  the  wedges.  Basically,  the  large 
fluctuations  in  the  standard  deviation  have  been  replaced  with  a more  realis- 
tic curve. 

3.2.2  Background  Noise 

The  effect  of  the  tertiary  flow  on  the  background  noise  level  is  shown 
in  Figures  11,  12,  and  13  for  the  50“ , 90*,  and  150*  microphones,  respective- 
ly. Only  data  above  the  facility  design  cutoff  frequency  of  approximately 
250  Hz  are  shown.  Typical  spectra  for  a coannular  nozzle  having  a mixed  velocity 
(VM)*  of  1066  ft/sec  are  shown  with  and  without  tertiary  flow.  The  jet  noise 
levels  are  considerably  above  the  free  jet  background.  Even  in  the  worst  case 
(i.e.,  = 1066  fps  with  the  tertiary  Mash  number  (Mx)  =0.3  spectra  versus 

vM  = 0 fps  with  Mx  * 0.3  spectra),  the  jet  noise  is  10  dB  above  the  tertiary 
flow  background  noise.  Thus  the  tertiary  flow  is  not  expected  to  influence 
the  jet  noise  levels  or  spectra  for  jet  velocities  of  1066  fps  or  more. 


* See  Section  5.0  for  the  definition  of  the  mixed  velocity  v”. 
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Figure  13.  Comparison  of  Coannular  Jet  Noise  Spectra  with  the  Tertiary  (Background) 
Noise  Spectra  0j  = 150“,  40  Ft  Arc  Data. 


3.3  DESCRIPTION  OF  AERODYNAMIC  TESTS 

Studies  were  made  at  no  cost  to  this  NASA  program  of  the  mean  velocity 
and  turbulence  intensity  distributions  at  the  tertiary  exit  plane  and  at  vari'* 
ous  locations  downstream.  The  development  of  the  free  jet  (tertiary)  plume 
was  also  studied.  A schematic  of  the  free  jet  test  arrangement  is  shown  in 
Figure  14.  A nominal  6 inch  diameter  coannular  inner  jet  with  the  core  flow 
plugged  upstream  is  shown  extending  3 feet  downstream  of  the  free  jet.  For 
most  tests,  the  inner  jet  velocity  equalled  the  free  jet  velocity  to  prevent 
any  "dead"  flow  regions.  The  directions  (N,  S,  E,  and  W)  are  shown  around 
the  tertiary  for  later  reference  to  traverse  direction.  Las&r  velocimeter 
and  hot  wire  measurements  were  made  at  Stations  A,  B,  C,  and  D as  shown  in 
Figure  14.  Measurements  were  made  at  tertiary  Mach  numbers  of  0.3  and  0.174. 
Axial,  radial,  and  azimuthal  test  results  are  as  follows.  ^ 

3.3.1  Mean  Velocity. Prof ile  Test 

The  radial  variation  of  the  mean  velocity  for  two  axial  positions  is 
shown  in  Figure  15.  Note  that  at  the  tertiary  exit  plane  (i.e. , X/D  « 0)  the 
radial  mean  velocity  profile  is  relatively  uniform  for  the  two  radial  tra- 
verses and  for  both  Mach  numbers.  Note  that  at  the  inner  jet  exit  plane  (i.e., 
X/D  ••  0.75),  the  mean  \felocity  has  decayed  slightly  from  its  value  at  X/D  ■ 0. 
This  is  discussed  below  in  detail.  The  radial  mean  velocity  profile  is  uni- 
form for  both  Mach  numbers  at  this  test  location,  except  near  the  test  nozzle 
wall  (due  to  boundary  layer  buildup,  also  discussed  below)  and  in  the  tertiary 
mixing  (i.e. , shear)  layer.  The  mean  velocity  in  the  tertiary  shear  layer  is 
lower  for  the  Mach  number  0.174  condition  than  for  the  0.3  condition. 

The  axial  variation  of  the  mean  velocity  is  shown  in  Figure  16  for  two 
radial  positions.  It  is  seen  that  the  tertiary  potential  core  (i.e.,  t/xq  ■ 0 
position)  extends  to  at  least  five  tertiary  diameters  for  bcth  Mach  numbers. 
Thus,  the  jets  issuing  from  the  inner  nozzle  do  not  detect  any  decay  in  the 
tertiary  flow  from  two  to  at  least  five  tertiary  flow  diameters.  Note  the 
reduction  in  centerline  mean  velocity  between  Location  1 and  2 diameters 
downstream  for  both  Mach  numbers.  This  reduction  is  due  to  the  dinner  nozzle 
exit  velocity  being  equal  to  the  tertiary  nozzle  exit  velocity.  Since  the 
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Figure  15 . Radial  Variation  of  Free  Jet  Mean  Velocity.  Laser 
Velocimeter  Data. 


tertiary  mean  velocity  at  the  inner  nozzle  exit  is  10%  less  than  that  at  the 
tertiary  exit  (as  discussed  below),  the  mixed  velocity  will  be  reduced.  The 
complete  extent  of  the  potential  core  could  not  be  described  due  to  the  limit 
of  the  laser  velocimeter  track  system  in  the  facility.  However,  beyond  X/D  6 
(i.e.,  24  ft),  the  velocity  is  expected  to  decay  at  the  rate  of  1/X  as  shown 
in  Reference  2.  The  axial  variation  at  x/tq  » 1 shows  a typical  decay  of 
mean  velocity  to  approximately  60%  of  its  maximum  value,  and  thereafter  main- 
tains the  same  value  for  X/D  between  2 to  5.  This  region  of  uniformity  sug- 
gests a similarity  of  tertiary  mean  velocity  profile  throughout  the  range  of 
traverse.  Note  that  the  value  of  mean  velocity  for  M “ 0.174  is  again  some- 
what less  than  that  for  M = 0.3  at  the  shear  layer  region  (i.e.,  t/v^  » 1). 

3.3.2  Turbulent  Velocity  Profile  Test 

The  radial  variation  of  axial  turbulence  velocity  is  shown  in  Figure  17 
for  two  axial  positions.  The  turbulence  intensity  levels  appear  relatively 
unaffected  by  Mach  number  or  by  traverse  direction  at  the  tertiary  exit  plane 
(i.e.,  X/D  = 0),  The  turbulence  levels  are  approximately  2.5%  at  the  tertiary 
exit  plane.  At  the  exit  plane  of  the  inner  jet  (i.e.,  X/D  = 0.75),  the  inner 
nozzle  sees  turbulence  levels  of  less  than  0.5%  at  M = 0.3  and  approximately 
2.5%  at  M * 0.174.  Note  that  the  turbulence  intensity  for  M = 0.174  is  greater 
than  that  for  M = 0.3  for  all  radial  positions  at  X/D  = 0.75. 

The  axial  variation  of  normalized  turbulence  is  shown  in  Figure  18  for 
two  radial  positions.  The  turbulence  level  is  relatively  constant  at  r/r^  = 1 
for  both  Mach  numbers  for  values  of  X/D  greater  than  2.  The  general  distribu- 
tion found  here  for  the  tertiary  is  similar  to  what  has  been  observed  for  model 
scale  subsonic  tests  (Reference  2). 

3.3.3  Tertiary  Plume  Symmetry  Test 

The  azimuthal  variation  of  the  mean  velocity  at  the  tertiary  nozzle  exit 
(i.e. , X/D  = 0)  for  M * 0.3  is  shown  in  Figure  19.  Hot  wire  data  taken  every 
30*  are  shown  for  three  radial  positions.  Laser  velocimeter  data  were  taken 
for  only  North  and  West  traverses.  The  azimuthal  variation  in  mean  velocity 
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for  M ■ 0.174  is  shown  in  Figure  20  for  the  same  radial  positions.  Hot  wire 
and  laser  velocimeter  data  show  good  agreement.  The  LV  data  for  the  West 
traverse  were  used  to  smooth  out  the  curve  at  that  location.  Even  through  the 
actual  variation  lit  M * 0.3  appears  worse  than  that  at  M * 0.174,  on  a per- 
centage basis,  the  opposite  is  true.  The  average  LV  variation  in  mean  velocity 
was  calculated  to  be  2.33%  fot  M * 0.3  and  2.80%  for  M « 0.174.  The  same  trend 
is  shown  for  averaged  values  obtained  from  hot  wire  data  which  are  2.60%  for 
M * 0.3  and  2.95%  for  M 0.174.  Thus  the  design  value  of  3.0%  was  successfully 
achieved  with  some  margin. 

The  azimuthal  variation  of  turbulence  intensity  at  the  tertiary  nozzle 
exit  (i.e. , X/D  = 0)  for  M * 0.3  is  shown  in  Figure  21.  The  azimuthal  vari- 
ation in  turbulence  for  M =*  0.174  is  shown  in  Figure  22  for  the  same  radial 
positions.  Hot  wire  and  LV  data  agree  better  in  the  M “ 0.3  case  (Figure  21) 
than  in  the  M =*  0.174  case  (Figure  22).  The  average  azimuthal  turbulent  in- 
tensity was  calculated  to  be  2.26%  for  M » 0.3  and  3.26%  for  M “ 0.174  for  LV 
data.  The  same  trend  is  again  shown  for  hot  wire  results  of  1.83%  for  M <■  0.3 
and  2.13%  for  M « 0.174.  These  results  are  considerably  better  than  the  design 
target  of  6.0%. 

3.3.4  Tertiary  Plume  Development 

The  normalized  mean  velocity  profiles  at  various  axial  locations  are 
shown  in  Figure  23  to  describe  the  tertiary  velocity  decay  and  boundary  layer 
buildup.  The  profiles  shown  are  from  hot  wire  radial  traverses  at  five  axial 
locations.  The  tertiary  exit  Mach  number  was  0.3  and  the  inner  jet  was  "just 
bleeding  flow"  to  eliminate  any  "base"  regions.  It  is  seen  that  the  tertiary 
velocity  profile  is  relatively  constant  at  the  tertiary  exit  plane  (i.e.. 

Station  A,  X/D  » 0)  and  is  equal  to  Uj^ax  (i«e.  , = 1).  However,  at 

X/D  ■ 0.27  (Station  B),  the  tertiary  velocity  profile  has  decayed  to  nearly 
U/UMax  “0*9.  At  X/D  “ 0.75  (Station  G) , the  tertiary  velocity  profile  peaks 
at  U/Ufjax  “ 0.9.  This  peak  value  of  U/Uj^gx  constant  for  the  downstream 
positions  of  X/D  * 1.5  and  2.3.  The  constant  nature  of  the  peak  value  of 
U/UMax  axial  direction  is  consistent  with  the  constant  values  at 

r/r^  * 0 and  t/tq  » 1 shown  in  Figure  16.  This  "initial  velocity  decay,  which 
is  of  the  order  of  10%,  is  a result  of  the  tertiary  flow  expansion  caused  by 
the  inner  jet  area  reduction  between  Stations  A and  C.  In  addition,  a sizable 
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Figure  20.  Azimuthal  Variation  of  Free  Jet  Mean  Velocity 
at  M “ 0.174  Laser  Velocimeter/Hot  Wire  Data. 
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Figure  21.  Azimuthal  Variation  of  Free  Jet  Turbulence  Intensity 
at  M * 0*3  Laser  Velocimeter/Hot  Wire  Data  X/D  = 0. 
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velocity  deficit,  due  to  the  boundary  l«yer  buildup  along  the  outside  of  the 
inner  nozzle,  is  shown  at  Station  G.  Laser  velocimeter  traverses  at  Station  C, 
with  the  inner  jet  flowing  at  the  tertiary  velocity,  also  showed  the  same  results 
over  the  length  of  the  inner  jet  nozzle  (i.e. , 10%  reduction  in  tertiary  mean 

velocity  and  large  growth  in  boundary  layer).  The  magnitude  of  these  effects 

will,  of  course,  depend  upon  the  type  of  inner  nozzle  tested  (i.e.,  tertiary 

expansion  area  ratio).  For  most  tests  in  Cell  41,  these  effects  should  be 
taken  into  account. 

The  data  show  chat  Che  tertiary  plume  does  not  start  spreading  appre- 
ciably until  it  reaches  Che  test  nozzle  exit  plane.  It  then  spreads  at  an 
angle  of  approximately  5. S'*  starting  at  X/D  ■ 0.8  (See  Figure  23).  This 
spreading  is  assumed  to  be  true  for  all  azimuthal  positions.  This  spreading 
rate  of  the  plume  is  reasonably  close  to  the  classical  spreading  rate  ('^*7°). 

3.4  FACILITY  OPERATING  DOMAIN 

The  temperature-velocity-pressure  racio  operating  limits  of  the  acoustic 
facility  are  shown  in  Figure  24.  The  upper  limits  for  either  fan  or  core  flow 
are  1750*  R in  temperature  and  4.5  to  6.0  in  pressure  ratio,  as  shown  by  the 
dashed  line.  Jet  velocities  below  600  ft/sec  may  be  influenced  by  flow  noise. 

The  range  of  test  conditions  set  during  this  program  is  shown  on  this 
operating  domain  (Figure  24).  Note  that  the  outer  (fan)  flow  conditions 
reached  the  facility  limits  in  temperature  and  practically  in  pressure  ratio. 

The  inner  (core)  flow  conditions  were  at  substantially  lower  temperatures  and 
pressures  with  two  test  points  (Points  313  and  401)  below  the  flow  noise  limit. 
The  mixed  flow  conditions  were,  however,  above  this  lower  limit.  The  conic 
nozzle  conditions  extended  the  outer  flow  curve  as  shown. 


Jet  Velocity,  m/sec 


Jet  Velocity,  ft/sec 


4.0  DATA  ACQUISITION  AND  REDUCTION 


4.1  ACOUSTIC  DATA  ACQUISITION  AND  REDUCTION 

A flow  chart  of  the  acoustic  data  acquisition  and  reduction  system  is 
shown  in  Figure  25.  This  system  has  been  optimized  for  obtaining  the  acoustic 
data  up  to  the  80  kHz  1/3-octave  center  frequency.  The  microphone  type  used 
to  obtain  80  kHz  data  is  the  B&K  4135,  Q.64  cm,  condenser  microphone  for  far 
field  measurements.  All  testing  is  conducted  with  microphone  grid  caps  re** 
moved  to  obtain  the  best  frequency  response.  The  cathode  followers  used  in 
the  chamber  are  transistorized  B&K  2619  for  optimum  frequency  response  and 
lower  inherent  system  noise  characteristics  relative  to  the  2615  cathode  fol- 
lower. All  systems  utilize  the  B&K  2801  power  supply  operated  in  the  direct 
mode . 

The  output  of  the  power  supply  is  connected  to  a line  driver  adding  10  dS 
of  amplification  to  the  signal  as  well  as  adding  "pr®emphasis”  to  the  high 
frequency  portion  of  the  spectrum.  The  net  effect  of  this  amplifier  is  a 10  dB 
gain  at  all  frequencies,  plus  an  additional  3 dB  at  40  kHz  and  6 dB  at  80  kHz 
due  to  preemphasis  thus  increasing  the  ability  to  measure  low  amplitude  high 
frequency  data.  In  order  to  remove  low  frequency  noise,  high  pass  filters  with 
attenuations  of  approximately  26  dB  at  12.5  Hz  decreasing  to  0 dB  at  200  Hz 
were  installed  in  the  system. 

The  tape  recorder  amplifiers  have  a variable  gain  from  -10  dB  to  +60  dB 
in  10  dB  steps  and  a gain  trim  capability  for  normalizing  incoming  signals. 

High  pass  filters  are  incorporated  in  the  acoustic  data  acquisition  systems 
to  enhance  high  frequency  data  previously  lost  in  the  tape  recorder  electronic 
noise  floor  for  microphones  from  110“  to  160*.  The  microphone  signal  below 
the  20  khz  1/3-octave  band  is  filtered  out,  and  the  gain  is  increased  to  boost 
the  ”signal-to-noise*'  ratio  of  Che  remaining  high  frequency  signal.  For  micro- 
phones from  110"  to  160",  both  Che  filtered  and  unfiltered  signals  are  record- 
ed on  tape.  The  sound  pressure  levels  for  frequencies  below  20  kHz  are  calcu- 
lated using  the  filtered  signal.  The  jet  noise  spectra  at  a given  angle  are 
then  obtained  by  computationally  merging  these  two  spectra. 
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Figure  25.  Acoustic  Data  Acquisition  and  Reduction  System. 
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The  prime  system  used  for  recording  acoustic  data  is  a Sangamo/ Sabre  IV, 
28-track  FM  recorder.  The  system  is  set  up  for  wideband  Group  I (intermediate 
band  double  extended)  at  120  ips  tape  speed.  Operating  at  120  ips  tape  speed 
provides  the  improved  dynamic  range  necessary  for  obtaining  the  high  frequency/ 
low  amplitude  portion  of  the  acoustic  signal.  The  tape  recorder  is  set  up  for 
±40%  carrier  deviation  with  a recording  level  of  8 volts  peak-to-peak. 

During  recording,  the  signal  gain  is  a justed  to  maximum  without  exceeding  the 
8 volt  peak-to-peak  level. 

Individual  monitor  scopes  are  used  for  observing  signal  chracteristics 
during  operation.  On-line  data  monitoring  was  available  for  this  program  via 
a Rockland  narrow  band  analyzer  or  a General  Radio  1921  l/3-octave  analyzer 
with  their  outputs  on  display  scopes  or  hard  copy  via  Tektronic  plotter. 

Standard  data  reduction  is  conducted  in  the  General  Electric  AEG  Instru- 
mentation and  Data  Room  (IDR).  The  data  tapes  are  played  back  on  a C3C3700B 
tape  deck  with  electronics  capable  of  reproducing  signal  characteristics  with- 
in the  specifications  indicated  for  wideband  Groups  I and  II.  An  automatic 
shuttling  control  is  incorporated  in  the  system.  In  normal  operation,  a tone 
is  inserted  on  the  recorder  in  the  time  slot  designed  for  data  analysis.  Tape 
control  automatically  shuttles  the  tape  initiating  an  integration  start  sigiial 
to  the  analyzer  at  the  tone  as  the  tape  moves  in  its  forward  motion.  This 
motion  continues  until  an  "integration  complete"  is  received  from  the  analyzer 
at  which  time  the  tape  direction  is  reversed  and  the  tape  restarts  at  the  tone 
in  the  forward  direction  advancing  to  the  next  channel  to  be  analyzed  until 
all  the  channels  have  been  processed.  A time  code  generator  is  also  utilized 
to  signal  tape  position  of  the  readings  as  directed  by  the  computer  program 
control.  After  each  total  reading  is  completed,  the  number  of  tape  channels 
at  each  point  is  advar.  ed  to  the  next  reading. 

All  1/3  octave  analyses  are  performed  on  a General  Radio  1921  1/3  octave 
analyzer.  Normal  integration  time  is  set  for  32  seconds  to  insure  good  inter- 
action for  the  low  frequency  content.  The  analyzer  has  1/3  octave  filter  sets 
from  12.5  Hz  to  100  kHz  and  has  a rated  accuracy  of  ±1/4  dB  in  each  band. 

Each  data  channel  is  passed  through  an  interface  to  the  GEPAC  30  computer 
where  the  data  are  corrected  for  the  frequency  response  of  the  microphone  and 
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the  data  acquisition  system,  corrected  to  standard  day  (50*  F,  70Z  RH)  atmo- 
spheric attenuation  conditions  using  the  Shields  and  Bass  model  (used  for  this 
program),  and  processed  to  calculat'i  the  perceived  noise  level  and  OASPL  from 
the  spectra.  For  calculation  of  the  acoustic  powers  scaling  to  other  nozzle 
sizes,  or  extrapolation  to  different  far  field  distances,  the  data  are  sent  to 
the  Honeywell  6000  computer  for  data  processing.  This  step  is  accomplished  by 
transmitting  the  SPL'^  via  direct  time-share  link  to  the  6000  computer  through 
a 1200  Band  Modem.  In  the  6000  computer,  the  data  are  processed  through  the 
Full  Scale  Data  Reduction  (FSDR)  Program  where  the  appropriate  calculations 
are  performed  (discussed  below).  The  data  printout  is  accomplished  on  a high 
speed  "remote"  terminal.  In  addition,  the  FSDR  Program  writes  a magnetic 
tape  for  CALCOMP  plotting  of  the  data  vdiich  will  be  used  in  the  course  of  data 
analysis  of  the  test  results  of  this  program. 

The  detailed  FSDR  Program  flow  chart  is  shown  in  Figure  26.  The  as- 
measured  data  are  first  extrapolated  from  the  measured  distance  to  a common 
40  ft  arc.  This  is  accomplished  by  subtracting  out  both  the  distance  correc- 
tion (i.e.,  20  log  (40  ft  distance/measured  distance))  and  the  atmospheric 
attenuation  correction  over  the  A distance  (i.e.,  where  A distance  * 40  ft  - 
measured  distance) . Note  that  the  Shields  and  Bass  Pure  Tone  Method  was  used 
for  all  atmospheric  attenuation  corrections.  The  data  are  then  converted  to 
standard  day  at  the  40  ft  arc  location  by  adding  in  the  standard  day  correction 
(i.e.,  AdB  * - Ogj-d  day^  • data  are  then  printed  out  in  tabulated 

form  for  SPL  (from  250  Hz  to  80  kHz),  OASPL  (based  on  250  Hz  to  80  kHz),  and 
PWL  (for  full  sphere,  over-range  250  Hz  to  80  kHz  based  on  lossless  data). 

For  this  program,  data  will  not  be  shown  below  the  chamber  cutoff  frequency 
of  250  Hz. 

The  full  scale  data  for  standard  day  at  a 40  ft  arc  will  then  be  extra- 
polated to  a 2400  ft  sidelin.ci.  This  is  accomplished  by  subtracting  out  the 
distance  correction,  i.e.,  20  log  (40  ft  distance/measured  distance)  and  the 
atmospheric  attenuation  over  the  distance  (i.e.,  where  A distance  - 40  ft  - 
measured  distance).  The  data  are  then  printed  out  in  tabulated  form  for  SPL 
(from  50  Hz  to  maximum  frequency),  OASPL  (based  on  50  Hz  to  maximum  frequency), 
PNL  (based  on  50  Hz  to  10  kHz),  PNLT  (based  on  50  Hz  to  10  kHz),  and  PWL  (for 
full  sphere,  over  50  Hz  to  maximum  frequency  but  based  on  losseless  data). 

The  maximum  frequency  in  this  case  depends  upon  the  noise  level,  since  only 
the  positive  levels  are  printed  out. 
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4.2  DESCRIPTION  OF  THE  FLIGHT  TRANSFORMATION  TECHNIQUE 


4.2.1  OBJECTIVE  AND  CONCEPT 


The  objective  of  the  General  Electric  Free-Jet  transformation  process  is 
to  employ  far  field  SPL  spectra  at  various  angles  to  the  jet  axis  (typically 
for  20°  ^ ^ 150°  in  increments  of  10°)  obtained  in  a free  jet  experiment 

and  transform  it  to  yield  SPL  spectra  as  would  be  measured  in  a true  moving 
frame  experiment. 

The  concept  employed  is  that  with  area  ratios  of  50:1  or  so  and  with  the 
primary  nozzle  exhaust  plane  displaced  aft  of  the  free-jet  plane  sufficiently 
to  permit  acquisition  of  acoustic  data  in  the  inlet  arc  (say  up  to  6^  = 150°) , 
proper  aerodynamic  simulation  of  the  effects  of  forward  flight  is  achieved, 
but  that  in  terms  of  the  acoustic  simulation  of  the  effects  of  uniform  flow 
over  the  primary  jet  plume  noise  sources,  the  free  jet  achieves  this  only  to 
a limited  extent.  In  other  words,  the  free  jet  achieves  the  effect  of  the 
right  source  mix  radiating  however  into  an  environment  that  more  nearly  approaches 
a static  environment  rather  than  the  environment  of  sources  shrouded  by  either 
a finite  or  infinite  extent  of  uniform  nonturbulenc  flow.  (The  basis  of  several 
previous  investigations  has  been  to  assume  that  a well  defined  region  of  uniform, 
nonturbulent  flow  surrounds  the  sources.  This  well  defined  region  is  taken  as  a 
doubly  infinite  cylinder  of  constant  circular  section  equal  to  the  cross  section 
of  the  free-jet  exhaust  plane.).  The  acoustic  sources  in  a free-jet,  of  course, 
do  not  radiate  into  a completely  static  environment  and  hence  some  propagation 
effects  of  the  free-jet  flow  do  have  to  be  accounted  for. 


Based  on  the  above  picture,  the  broad  outline  of  the  procedure  adopted 
is  as  follows.  Defining  as  the  "static"  directivity,  the  directivity 
pattern  (in  various  frequency  bands)  that  the  sources  (of  the  primary  jet 
exhaust  plume  altered  by  the  effects  of  relative  velocity  due  to  imposition 
of  the  free-jet)  may  be  expected  to  produce  if  they  radiated  into  a quiescent 
environment,  we  first  deduce  this  "static"  directivity  from  the  measured 
free-jet  experimental  data  by  correcting  the  latter  for  propagation  effects 
of  the  free-jet.  Since  the  free-jet  flow  field  includes  intensely  turbulent 
shear  layers  through  which  the  sound  field  of  the  sources  must  pass  before 


42 


it  reaches  the  far  field  microphones  (located  in  the  quiescent  ambient) , some 
degree  of  empiricism  (especially  for  the  high  frequency  sound)  is  involved  in 
attempting  to  account  for  these  propagation  effects. 

Once  such  a static  directivity  is  extracted,  it  still  remains  to 
deduce  what  the  noise  signature  of  the  source  distribution  would  be  if  the 
source  distribution  was  not  stationary  relative  to  the  ambient  but  moving 
relative  to  the  ambient  at  the  flight  velocity.  A multiple  decomposition 
procedure  suitable  for  the  broad  band  jet  noise  problem  which  attempts  to 
synthesize  the  static  directivity  by  ascribing  it  to  a mix  of  uncorrelated 
singularities  was  developed  in  order  to  enable  the  prediction  of  the  flight 
noise.  Once  such  a decomposition  is  completed,  we  simply  apply  the  dynamic 
exponent  applicable  to  each  singularity  to  derive  the  flight  noise  signature. 

In  summary,  the  method  starts  with  narrow  band  directivities  from  the 
free- jet  experiment  in  various  third  octave  bands,  corrects  these  directiv- 
ities for  free- jet  propagation  effects  in  a frequency  dependent  manner  to 
retrieve  the  "static"  directivity,  synthesizes  the  "static"  directivity  by  a 
suitable  mix  of  uncorrelated  singularities  and  finally  applies  the  dynamic 
effect  appropriate  to  each  singularity  to  predict  the  flight  noise.  It  is 
an  inherent  feature  of  the  method  that  it  works  separately  with  each  third 
octave  band  directivity  pattern.  The  final  flight  predictions  can  then  be 
summed  to  yield  either  OASPL  or  PNL  directivities  or  simply  displayed  as 
flight  SPL  spectra  at  various  angles  to  the  jet  axis.  (Doppler  shift  effects 
on  the  frequency  are  fully  accounted  for) . 

4.2.2  ALGORITHM  DESCRIPTION 

A detailed  algorithm  description  is  shown  in  Figure  27. 

4.2.3  FURTHER  DETAILS 

The  recommended  procedure  for  transformation  of  free-jet  noise  to 
flight  noise  consists  of  first  extracting  the  "basic"  directivity  from  the 
measured  free-jet  data  and  then  applying  the  "dynamic"  effects  to  determine 
the  noise  in  flight.  The  "basic"  directivity  is  the  directivity  that  the 
sources  associated  with  the  primary  nozzle  plume  would  create,  if  they 
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Figure  27.  Algorithm  Description  (Continued) 
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radiated  into  a static  rather  than  the  free-jet  environment. 

Two  phenomena  are  involved  that  change  the  directivity  of  the  noise 
radiated  by  the  sources  associated  with  the  jet  plume  when  the  jet  is  ex- 
hausting into  a free-jet  environment  as  opposed  to  a static  environment. 

These  are 

a.  Refractive  Effects  of  the  Free-Jet  Flows 

To  deduce  the  refractive  effects  of  the  free-jet  flow,  the 
following  procedure  is  adopted. 

1.  At  low  frequencies  < 3) , the  plug  flow  model  solution  for 

a point  pressure  source  is  used. 

p'  0^  (1  - M^jCos  9)  ^ 

2.  At  high  frequencies  > 3) , the  asymptotic  high  frequency 

solution  for  a pressure  source  is  used 

p»  ^ (1  - M^^Cos  0)”^  ■ 

At  these  values  of  the  frequency  parameter  (k^a  < 3) , the 
exhaust  arc  was  used  to  deduce  the  refractive  effect  following 
the  method  due  to  Schubert  (Reference  7) • la  this  method, 

• First  the  refractive  dip  in  dB  along  the  jet  exhaust  axis 
is  determined  as  being  proportional  to  the  product  of  the 
jet  Mach  number  and  the  frequency  parameter. 

R„  =0°  “ M-.k  a 

9 . f j o 

3 

m Then,  a shape  factor  that  is  essentially  Mach  number  and 

frequency  independent  is  used  to  determine  the  refractive 

dip  at  other  angles.  For  the  range  3<k^a<6,  Ribner’s 

results  were  used  with  a linear  extrapolation  in  the  range 

6>k  a>1.25. 
o 

• Based  on  experimental  data,  the  refractive  dip  in  the 
exhaust  arc  for  k a>6  was  considered  independent  of  k a, 
but  still  linearly  proportional  to  M^ . 
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b.  Absorptive  Effects  of  the  Fine  Grain  Turbulence  in  the  Shear 
Layer  of  the  Free-Jet 

This  relates  to  the  fact  that  fine-grained  turbulence  in  the 
shear  layer  of  the  free-jet  can  absorb  sound,  especially  at  high 
frequencies.  This  correction  is  based  on  Crow's  theory  that 
states  that  the  effective  absorption  coefficient  is  proportional 
to  the  frequency,  distance  the  sound  traveled  in  the  shear  layer, 
and  the  square  of  the  Mach  number.  - 


absorption  coefficient 


f M^^.l 
fj 


where  M^^  = Free  jet  Mach  number 
1 = path  length 


Based  on  the  path  length  that  the  sound  has  to  traverse,  the 
absorption  coefficient  is  assumed  to  vary  with  6^  as  shown  in 
Figure  below 


i 
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The  absorption  was  calculated  assuming  an  eddy  viscosity 


Iddy  viscosity  “ ^ 


0.25  and  f - 50  KHz.  This  yields 


corrections  for  k^a>30.  The  actual  expressions  used  were 


Corr„ 


e. 


90' 


1 1/4  I ^38.^ 


for  ka  > 30 


for  ka  < 30 


where  M « Free  Jet  Mach  number 
, 2 TT  f 

O 

a * Radius  of  the  Free  Jet 


Corr„ 


Corr„ 


0J.  > 90' 


0 = 90' 
I 


,,  180  - 0T  V 

X (1.5  - I ) 

180 


Corr„ 


= Corr„ 


0j  < 90' 


X (2.8  - ~ ) 

50 


0 = 90° 

I 

From  the  measured  free- jet  data,  the  refraction  and  turbulences 
absorption  corrections  are  added  to  obtain  the  ’’basic"  directiv- 
ity of  the  sources. 

The  basic  directivity  obtained  above  is  assumed  to  be  generated  by  a 
set  of  singularities  F^,  F^,  F^,  etc.,  such  that  the  sound  field  is  a so- 
lution to 


+ k p = Fo  6(x)  6(y)  6(z)  4-  Fa’  (x)  5(y)  6(z)  + Fy  (S(X)  6(y)  6(z) 
p o 

where  F , F , F are  mutually  uncorrelated,  so  that  they  contribute 

o’  x’  y 

to  the  far  field  only  additlvely.  As  the  mean  square  pressure  of  any 
singularity  is  symmetric  about  both  0*0“  and  0 * 90“ , the  inlet  and  ex- 
haust arc  are  synthesized  separately. 
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The  procedure  adopted  to  determine  the  dynamic  effect  Is  as  follows; 

1.  From  the  "basic"  directivity  pattern,  obtain  the  normalized  SPL’s 
based  on  the  least  SPL  in  both  the  f “irward  and  aft  quadrants. 


2.  Determine  the  linearized  levels  using 


p = 10 


SPL-SPL  . 
mxn 

10 


3.  Decide  on  a level  of  fitting  using  the  criterion  that  the  data 

ought  to  be  reconstructed  to  within  an  error  of  2 dB  on  the  average. 
Then,  assuming  that  the  data  ought  to  be  reconstructed  with  the 
least  singular  distribution  of  uncorrelated  sources  possible,  the 
problem  simplifies  to  one  of  solving  a least  squares  problem  of  the 
type  find  x to  minimize  jr(  = (Ax  - b)  subject  to  nonnegative  con- 
straint. X ^ 0.  This  done  using  an  algorithm  based  on  the  Kuhn-Tucker 
theorem  of  optimization  theory. 


4.  The  singularities  obtained  using  the  Kuhn-Tucker  theorem  are  then 
combined  to  obtain  the  least  singular  decomposition  of  the  sources. 


5.  The  appropriate  dynamic  effect  is  then  applied  to  each  singularity 
type  to  determine  the  correction  that  is  applied  to  the  measured 
free-jet  data  corrected  for  refraction  and  turbulence  absorption. 
If  the  mean  square  of  the  sound  pressure  is  obtained  by  adding  the 
singularities  as 


p'^  * F + F + F + F s^ 

0 O i 2.  J 


where  C = Cos  6 
S = Sin  0 

the  dynamic  effect  is  calculated  using  the  relation 


p’2 

Dynamic  Effect  = 10  log^^Q  _F 


10 


6 4 2 2 4 A 

F C F.C  S F„C^S  F_S^ 

_2_  + J: + -2 + -3__ 

k k k k 

„12' 


where  k = (1  + Cos  6) 
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6.  The  levels  are  then  corrected  to 


SPL, 


^flight  at 
free-jet 
frequency 


+ dynamic  effect 


7.  Doppler  frequency  shift  results  in  the  flight  frequency  given  by 


flight  - 


'free  jet 


(1  + M-.  Cos  e 


‘fj 


8.  Hence  SPL-, . , = SPL.  doppler  shifted  from  free-jet  to  flight, 
flxght  X 

Thus,  using  the  above  transformation,  the  free-jet  data  can  be  trans^ 
formed  into  flight  data.  Further  discussion  of  this  procedure  is  found  in 
Reference  2. 


4.3  LASER  VELOCIMETER  DATA  ACQUISITION  AND  REDUCTION 

The  laser  velocimeter  system  used  to  measure  the  jet  plume  mean  velocity 
and  turbulence  levels  was  developed  under  a USAF/DOT-sponsored  program  and 
reported  in  detail  in  References  8 and  9.  The  general  features  of  the  systems 
are  described  below. 


The  basic  optical  system  is  a differential  Doppler,  backscatter,  single- 
package arrangement  mounted  on  a traverse  platform  as  shown  in  Figure  28. 

This  remotely  actuated  platform  allows  motion  in  three  directions  viz,,  in  and 
out,  sideways,  and  axial  and  the  corresponding  traverse  capabilities  are  32  in. 
(0.813  m) , 32  in.  (0.813  m)  and  240  in.  (6.1  m) . Resolution  was  ±1/16  in. 
(0.1588  m)  for  each  direction  except  for  the  axial  travel,  which  has  a resolu- 
tion of  ±1/8  in.  (0.3175  m) . 

Aluminum  oxide  (AI2O3)  powder  of  a nominal  size  of  1 micron  diameter 
was  used  for  seeding  by  injection  into  the  inner,  outer,  and  tertiary  flows. 

The  white  appearance  of  the  coannular  model  and  tertiary  in  Figure  28. was 
caused  by  the  seeding. 

The  laser  velocimeter  signal  processor  used  is  a direct-counter  (time 
domain)  type.  Turbulent  velocity  probability  distributions  (histograms)  were 
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Figure  28*  Laser  Velocimeter  Installed  in  the  Anechoic  Chamber. 


recorded  by  a 256-*channel  pulse-height  analyzer  (HS633)  and  shown  on  an  X-Y 
plotter.  Both  mean  and  rms  turbulent  axial  velocities  at  discrete  points  «rere 
calculated  using  a PDP-11  computer  with  the  tabulated  data  printed  out  on-line. 

4.3.1  Basic  Idea  for  LV  Measurements 

The  concept  of  using  laser  velocimeter  measurements  for  obtaining  the 
mean  and  turbulent  velocity  profiles  may  be  described  hs  follows.  Two  beams 
of  monochromatic  light  intersect  at  a point  in  space  and  set  up  a fringe  pat- 
tern of  known  spacing  (see  Figure  29).  The  flow  is  seeded  with  small  parti- 
cles which  pass  through  the  measuring  volume;  the  light  scattered  from  the  par- 
ticles is  collected,  and  the  laser  signal  processor  measures  the  time  it  takes 
for  the  particles  to  pass  through  each  fringe.  Knowing  the  distance  and  time 
for  each  validated  particle  enables  the  construction  of  the  usual  histogram 
(see  insert  on  Figure  29).  Then,  by  statistical  techniques,  the  mean  value 
(which  corresponds  to  the  mean  velocity)  and  standard  deviation  (which  corre- 
sponds to  the  turbulent  velocity)  are  constructed.  Although  the  principle  of 
measurement  is  easy,  the  practical  aspects  of  designing  an  electronic  p>,“ocess- 
ing  unit  to  monitor  valid  particles  is  of  no  small  consequence.  Investigators 
have  had  great  difficulty  performing  measurements  even  in  low  velocity  jets, 
and  the  extension  to  heated  supersonic  jet  measurements  represents  a major 
achievement.  The  method  of  calculation  used  to  obtain  the  mean  velocity  and 
turbulent  velocity  from  laser  velocimeter  measurements  is  described  below. 

4.3.2  Histogram 

A histogram  is  an  eatimate  of  the  first-order  probability  density  of  the 
amplitude  of  a given  sample.  To  obtain  a velocity  histogram,  the  time-depen- 
dent laser  velocimeter  velocity,  V(t),  is  accumulated  and  divided  into  classes 
bounded  by  values  of  velocity  increments  V^.  For  each  independent  sample  of 
velocity,  a class  interval  is  formed  such  that  _<  V(t)  _<  During 

a measurement  period,  k£  number  of  velocity  samples  are  accumulated  in  each 
sample  class  V£.  From  the  total  sample  of  measured  velocity  points,  the 
histogram  is  constructed  as  shown  in  Figure  29.  The  mean  velocity  and  turbu- 
lent velocity  derived  from  the  histogram  are  obtained  as  described  below. 
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Constructed  Histogram 
from  LV  Samples 


Figure  29.  Schematic  of  Laser  Velocity  Ifeasurements 
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4.3.3  Mean  Velocity 

The  mean  velocity  o£  the  jet,  Vj,  obtained  from  the  discrete  velocity 
sample  is  calculated  by: 


V. 

J 


V. 

1 


All  Class 
Intervals 


where 


V.^  + 

,.  ia  the  value  of  the  sampled  axial  velocity  component  at 

2 the  c£2nter  of  the  class  interval 


k£  is  the  number  of  velocity  samples  in  the  class  interval 

N is  the  total  number  of  velocity  samples  (E  k;£^)  in  the 

histogram 


4.3.4  Turbulent  Velocity 

To  obtain  the  axial  turbulent  velocity,  u' , from  the  sampled  data  con- 
tained in  the  histogram,  the  standard  square  root  of  the  statistical  variance 
is  performed.  This  calculation  is  performed  using  the  following  equation: 


u'  » 

W'i.i  * ''i . J \ 

i 

k. 

1 

All  Class  N 

Intervals 

- 

4.3.5  Statistical  Errors  for  LV  Mean  and  Turbulent  Velocity 
Measurements 

With  any  large  data  sample,  as  obtained  through  the  collection  of  veloc- 
ity samples  in  a laser  velocimeter  historgram,  guidelines  for  estimating  the 
accuracy  of  each  measurement  are  required.  Tables  II  and  III  provide  estimates 
of  the  percent  error  obtained  for  a mean  velocity  or  turbulent  velocity  LV 
measurement . 


57 


OHlGlMftL 

Of  POOR  QUALtrf 


Table  II.  Estimated  Percent  Error  in  the  LV  Measurement 
of  Mean  Velocity  with  95%  Confidence. 


N 

u' 

/Vj 

0.2 

0.1 

0.05 

0.025 

10 

14.1 

7 

3.5 

1.76 

20 

9.3 

4.7 

2.3 

1.20 

30 

7.4 

3.7 

1.9 

0.93 

40 

6.3 

3.2 

1.6 

0.80 

60 

5.0 

2.6 

1.3 

0.65 

120 

3.6 

1.8 

0.9 

0.45 

Table  III.  Estimated  Percent 
Measurements  with 


Error  for  LV  Turbulent  Velocity 
95%  Confidence. 


N 


20 

31.5 

40 

21.8 

60 

17.8 

120 

12.6 

240 

9.12 

480 

6.45 

960 

4.56 

5,000 

2.0 

25,000 

0.89 

Percent  Error 


Table  II  lists  the  percent  error  for  a 95X  confidence  statement  of  mean- 
velocity  measurement  as  a function  of  the  total  nimber,  N,  of  velocity  samples 
contained  in  the  histogram,  and  the  turbulence  level  u'/Vj.  Table  III  gives 
the  percent  error  for  a 93%  confidence  statement  of  the  turbulent  velocity 
estimate  as  a function  of  N,  the  total  velocity  sample.  As  can  be  seen  from 
Table  II,  a fairly  small  sample  of  velocity  measurements  is  required  to  obtain 
a good  estimate  of  the  mean  velocity.  For  the  turbulent  velocity,  the  number 
of  data  samples  required  for  a good  estimate  increases  substantially.  The 
usual  number  of  samples  obtained  with  the  General  Electric  laser  velocimeter 
during  a routine  data-taking  measurement  performed  during  this  program  is  ap- 
proximately 1000  samples.  For  simple  and  quick  diagnostic- type  information.* 
this  amount  of  samples  is  sufficient.  For  more  advanced  measurements,  such  as 
turbulence  spectra  or  two-point  cross  correlations,  many  more  data  samples  are 
required  and  are  currently  obtained  on  a routine  basis. 

4.3.6  LV  TRAVERSES  FOR  MEAM  VELOCITY  PROFILES 

In  addition  to  the  above  described  stationai^r  mode  of  LV  operation  for 
the  determination  of  both  mean  and  turbulent  velocities  at  discrete  points, 
the  laser  velocimeter  is  operated  also  in  a traversing  mode  to  obtain  con- 
tinuous profiles  of  mean  velocities.  These  traverses  are  possible  along  any 
of  the  three  LV  axes.  During  these  traverses,  the  data  describing  the 
velocity  levels  and  the  location  of  the  measurement  volume  are  recorded 
continuously  on  an  X-Y  plotter.  The  traversing  speeds  are  adjusted  as  well 
as  traverses  repeated  for  obtaining  well  defined  mean  velocity  profiles. 

While  exact  sampling  rates  during  these  traverses  were  not  recorded  in  any 
way,  an  estimated  rate  of  ~250  samples  per  inch  of  traverse  is  felt  needed 
for  a well  defined  smooth  profile.  Section  6.0  shows  copies  of  the  diag- 
nostic mean  velocity  traverses  taken  for  this  program. 

4.4  AERODYNAMIC  DATA  ACQUISITION  AND  REDUCTION 

The  facility  operating  parameters  are  monitored  during  testing  at  the 
control  console  to  ensure  that  prescribed  facility  limits  are  not  exceeded 
and  for  setting  test  point  conditions. 

The  core  and  fan  discharge  pressures  are  measured  from  a single  element 
on  their  respective  rakes  and  are  used  for  setting  the  desired  nozzle  pressure 
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ratios.  These  parameters  also  are  routed  through  Dymec  scanning  system  and 
recorded  along  with  nozzle  performance  data  by  the  aerodynamic  data  handling 
(ADH)  system. 

Facility  temperatures  are  monitored  at  the  control  console  using  a Dcric 
multichannel  temperature  indicator.  The  unit  has  a 24'~channel  capability  and 
is  designed  for  use  with  Type  K thermocouples  (chromel-alumel) . It  is  used 
for  safety  monitoring  and  setting  test  point  temperatures  for  the  dual-flow 
system,  which  uses  Type  K temperature  rakes.  A system  schematic  is  shown  on 
Figure  30. 


4.4.1  Nozzle  Pressure  and  Temperature  Measurements 

A critical  parameter  used  in  evaluating  acoustic  test  results  is  nozzle 
exhaust  velocity.  Determination  of  this  velocity  depends  on  an  accurate  de- 
termination of  the  exhaust  temperature  and  pressure  which,  in  turn,  depend, 
on  adequate  sampling  across  the  stream  to  account  for  profile  effects.  Spe- 
cial multielement  rakes  have  been  designed  for  use  on  the  single-  and  dual- 
flow systems. 

The  dual-flow  system  uses  four  rakes,  two  on  each  stream,  each  having 
three  pressure  and  three  temperature  elements  with  spacing  of  the  elements 
corresponding  to  centers  of  six  equal  area  annular  segments  of  the  flow 
stream.  These  rakes  use  shielded  Type  K thermocouples  (chromel-alumel)  that 
have  a recovery  factor  very  close  to  unity. 

Pressure  measurement  accuracy  is  controlled  by  the  accuracy  of  the  trans- 
ducer used  for  the  measurement.  The  scanivalve  transducers  used  for  nozzle 
performance  measurements  are  rated  at  0.1%  of  full-scale  range. 

4.4.2  Performance  Data  Processing 

Aerodynanic  parameters  are  calculated  based  on  the  temperature  and  pres- 
sure information  acquired.  The  input  information  for  nozzle  performance  con- 
sists of  ambient  pressure  (Pq)»  nozzle  discharge  total  temperature  (Tj) , and 
nozzle  discharge  pressure  (Pj).  For  the  case  of  dual-flow,  similiar  param- 
eters are  required  for  the  secondary  stream,  likewise  for  the  tertiary  stream. 
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Figure  30.  General  Electric  Anechoic  Chamber  Aerodynamic  Data 
Processing  System. 
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Output  of  the  processing  program  consists  of  tabulations  of  the  indivi- 
dual input  parameters  with  their  identification,  averages  of  similar  param- 
eters (i.e.,  P<p  rake  average),  and  calculated  parameters  as  indicated  in  the 
following  paragraphs: 

1.  Gamma 


2. 


For  Tg  <.  440*  K (788.3*  R);  y • 

For  Tg  > 440"  K (788.3"  R);  y » 
with  Tg  in  " R 

Isentropic  or  Ideal  Mach  nimiber 


1.4 


2.23708 

(1^)0.070271 


1 + 


T-f/ 


where  Tg  is  initially  assumed  equal  to  T-j..  Starting  with  the  gamma  calcu- 
lation, the  above  calibrations  are  repeated  by  an  iteration  procedure  until 
the  difference  in  Tg  between  iterations  is  <1.0. 

3.  Local  Sonic  Velocity 

c » /ygRTg 


4.  Ideal  Velocity  (fully  expanded) 


V « M c 

5.  Calculated  Ideal  Thrust 
F “ V W/g 


4.4.3  Humidity  and  Temperature  Measurement 

One  of  the  parameters  necessary  for  correcting  acoustic  data  for  atmo- 
spheric absorption  is  the  humitidy  content  of  air  through  which  the  signal  is 
propagating.  Since  varying  nozzle  operating  conditions  may  cause  changes  in 
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the  chamber  environment  during  the  course  of  testing,  a means  of  remote  humid- 
ity readout  is  requited.  This  is  accomplished  through  the  Hygrometrix  Model 
8501  Relative  Humidity  System.  This  system  utilizes  a Xeritron  sensor  that 
is  an  assembly  of  hygromechanical  crystallite  structures  and  piesoresistive 
silicon  strain  gages  on  a common  substrate.  The  sensing  element  responds  to 
changes  in  relative  humidity  by  a dimensional  change  reflected  in  the  strain 
gage  resistance  with  its  resistance  being  proportional  to  the  relative  humid- 
ity. 

Temperature  at  the  humidity  sensor  location  is  measured  using  a Type  K 
thermocouple.  Readout  of  both  temperature  and  relative  humidity  is  provided 
at  the  cell  control  panel  and  is  logged  for  each  test  point.  r’Provision  exists 
for  humidity  readout  from  any  of  the  microphone  positions;  however,  the  sensor 
is  mounted  at  the  40”  microphone  position,  as  this  location  represented  a good 
approximation  of  mean  chamber  conditions  as  determined  from  the  environmental 
survey.  The  manufacturer's  stated  accuracy  for  this  system  is  ±2Z  over 
the  range  of  -40*  C to  1250*  C. 
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5 . 0 TEST  POINT  DEFINITina 


The  following  tables  define  the  measured  aerodynamic  test  conditions  for 
both  the  laser  velocimeter  and  the  acoustic  test  points  taken  on  each  model. 

The  aerodynamic  test  matrix  for  the  LV  tests  is  shown  in  Table  IV.  The 

outer  and  inner  flow  aerodynamic  conditions  shown  were  obtained  from  on-line 

data  since  no  data  were  taped  during  LV  testing,.  In  addition  to  the  outer 

and  inner  conditions,  the  "mixed"  conditions  are  also  tabulated.  These 

"mixed"  conditions  were  calculated  assuming  that  the  outer  and  inner  streams 

are  perfectly  mixed  together.  The  resulting  mixed  velocity  (V^)  and  total 
11 

temperature  (T,^  ) are  defined  as; 

- V°W°  + V^ 

W°  + 


and 


T°  W° 
T 


+ 

T 

+ 


see  the  definition  of  symbols  following. 


The  free  jet  velocity  (V  , ) was  obtained  directly  from  LV  measurements  at 

3/0 

the  exit  plane  of  the  scale  model  nozzle.  The  total  temperatures  of  the 
inner  and  outer  streams  and  the  free  jet  were  measured  using  the  total  temper- 
atures and  the  pressure  ratio  of  the  flows  determined  through  total  pressure 
rakes.  Using  these  measurements,  the  velocities  of  the  flows  were  calculated 
using  isentropic  gas  dynamic  relations. 


The  aerodynamic  test  matrix  for  the  acoustic  tests  is  shown  in  Tables  V 
through  XII  for  Models  1,  lA,  2,  3,  4,  5,  6 and  7,  respectively.  The  aero- 
dynamic conditions  were  obtained  from  taped  data.  The  "mixed"  conditions 

were  calculated  as  described  above.  The  free  jet  velocity  (V  , ) was  de- 

a/  c 

termined  by  subtracting  the  velocity  reduction  from  the  measured  value. 

The  free  jet  velocity  reduction  was  caused  by  the  model  area  reduction  between 

the  free  jet  nozzle  exit  station  and  model  nozzle  exit  station.  This  free  jet 

velocity  correction  method  is  detailed  in  the  Final  Report.  In  addition  to  the 

aerodynamic  conditions,  both  model  scale  and  scaled  acoustic  data  are  tabulated. 

2 

The  nominal  area  of  the  full  size  engine  is  1400  in.  . The  definition  of  S3nnbols 
used  in  these  tables  are  as  follows: 
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DEFINITION  OF  SYMOLS 


Measured  nozzle  pressure  ratio 
V Ideal  nozzle  velocity*  ft/sec 
T,^  Measured  nozzle  total  temperature,  " R 
T Ideal  calculated  static  temperature,  ® R 

W Ideal  calculated  weight  flow,  Ibtn/sec 

0 Designates  outer  nozzle 

1 Designates  inner  nozzle 
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Table  IV.  Aerodynamic  Test  Matrix  for  Laser  Velocimeter  Tests. 

\ 


Outnr 

lonnr 

Mi 

xad 

Ttit 

Ml 

Ml 

Wm 

Mi 

B 

n 

Mi 

M 

1.0 

Point 

ft/ftac 

D 

Bl 

■1 

B 

IQQM 

H 

MM 

V /V 

■ 

101 

0 

3.17 

2416 

1708 

rg 

10.32 

3,19 

1636 

790 

567 

m 

2283 

0,677 

lOlA 

0 

1.00 

0 

392 

0 

3.21 

1635 

785 

563 

mm 

1635 

— 

103 

600 

3.17 

2427 

1722 

Bl 

10.47 

3.19 

1633 

787 

565 

2.17 

2291 

0.673 

113A 

1.00 

0 

571 

571 

0 

1.62 

1104 

784 

683 

1.08 

1106 

— 

116 

0 

2.63 

mm 

1735 

1381 

8.00 

2.08 

1368 

801 

650 

1.40 

2051 

0.620 

119A 

0 

2.26 

1733 

1605 

7.46 

1.02 

262 

1013 

lOOG 

0.18 

2050 

1603 

0.125 

1303 

0 

1.65 

1667 

1720 

1567 

4.33 

1.65 

898 

666 

599 

1.01 

1348 

1393 

0.621 

1306 

600 

1.63 

1633 

1733 

1579 

6.51 

1.43 

899 

693 

626 

0.97 

1355 

1613 

0.619 

lOlA 

0 

3.19 

2653 

1722 

1272 

10.36 

3.22 

1668 

789 

565 

IB 

2270 

1114 

0.672 

116i. 

0 

2.63 

2186 

1721 

1366 

7.95 

2.20 

1338 

735 

587 

2003 

1511 

0.613 

E ■ 

0 

3.17 

2633 

1733 

1283 

10.46 

3.24 

1629 

774 

553 

wSBM 

2250 

1118 

0.669 

E:9 

600 

3.18 

2625 

1716 

1268 

10.32 

3.20 

1630 

782 

561 

3.04 

2267 

1112 

0.672 

206 

0 

3.79 

2551 

1688 

1186 

12.63 

3.23 

1638 

784 

561 

3.06 

2372 

1069 

0.662 

206 

600 

3.76 

2559 

1707 

1203 

12.48 

3.24 

1633 

780 

557 

3.08 

2376 

:08Q 

0,639 

210 

0 

2.28 

2088 

1710 

1386 

7.56 

2.09 

1266 

700 

567 

2.10 

1909 

1210 

0.605 

212 

600 

2.28 

2086 

1706 

1379 

7.57 

2.11 

1265 

693 

560 

2.13 

1904 

1203 

0.607 

213 

0 

3.13 

2630 

1736 

1286 

10.37 

1.38 

1097 

817 

717 

1.43 

1229 

0.451 

213 

400 

3.18 

2629 

1722 

1273 

10.50 

1.61 

1106 

789 

696 

1.49 

1213 

0.455 
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Table  VII.  Aerodynamic  Test  Matrix  for  Acoustic  Data,  Model 
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Table  IX.  Aerodynamic  Test  Matrix  for  Acoustic  Data,  Model  4. 
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Table  X.  Aerodynamic  Test  Matrix  lor  Acoustic  Data,  Model  5. 
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6.0  TEST  RESULTS 

6.1  ACOUSTIC  TEST  RESULTS 

In  this  section,  the  measured  acoustic  far  field  data  are  presented  for 

each  test  point  defined  in  Section  5.  The  acoustic  far  field  dana  consist  of 

1/3  octave  band  sound  pressure  levels  at  angles  to  the  inlet  from  40°  through 

160°  in  10°  increments.  The  power  level  spectra  are  also  presented  along 

with  the  calculated  OASPL  and  PNL  at  each  angular  location.  Three  different 

tabulations  of  the  acoustic  far  field  data  are  presented  for  each  test  point. 

The  first  table  shows  the  "Untransformed  Model  Sound  Pressure  Levels"  (i.e., 

as-measured  SPL  data)  on  a 40  ft  arc.  Only  the  data  above  the  anechoic 

chamber  cutoff  frcc-uency  of  250  Hz  are  shotwn.  The' second  table  shows  the 

"Flight  Transformed  Modal  Sound  Pressure  Levels".  Both  the  refraction  and 

turbulence  corrections  are  employed  in  the  flight  transformation.  The  third 

table  shows  the  "Flight  Transformed,  Scaled,  and  Extrapolated  Sound  Pressure 

2 ' 

Levels" .for  a nozzle  of  area  1400  in.  at  a 2400  ft  sideline.  In  addition  to 
the  OASPL,  the.  PNL,  and  PNLT  (i.e.,  tone  corrected  PNL)  are  sho’tm. 

A detailed  description  of  the  three  types  of  tabulations  is  presented 
in  Tables  XIII  through  XV  with  all  the  key  parameters  identified.  These 
tables  are  self-explanatory.  The  acoustic  test  results  are  presented  in 
Sections  6,1.1  through  6.1,8  for  Models,  1,  lA,  2,  3,  4,  5,  6,  and  7, 
respectively. 

The  measured  SPL  data  is  corrected  to  standard  day  conditions  (i.e., 

T , = 59°  F and  relative  humidity  = 70%)  from  the  actual  ambient  temperature 
amb 

and  relative  humidity  conditions  of  the  anechoic  chamber  by  applying  the 
Bass  and  Shields  air  attenuation  model. 
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6.1.1  Measured  Acoustic  Data  for  Model  1 
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6.1.3  Measur'ad  Acoustic  Data  for  Model  2 
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FLIGHT  TRANSFORMED  MODEL  SOWM3  PRESSURE  LEVELS 

59.0  DEG.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  40.0  FT.  ARC 


FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59.0  DEG.  F.,  70  PERCENT  R.H.  STD.  DAY,  SB  2400.0  FT.  SL 


FLIGHT  TRANSFORMED.  SSALED,  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59.0  DEG.  F..  70  PERCENT  R.H.  STD.  DAY.  SB  2400.0  FT.  SL 
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FLICHT  TBAMSFOBMED.  SCALED.  AMD  EXTHAPOLATEO  SOUND  PRE5SUBE  LEVELS 
59,0  DES,  F,,  70  PERCENT  STD,  DAY,  SB  2400,0  FT,  SL 


UNTRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS  CORRECTgP  FOR  BACKGROUND  NOISE 
59.0  DEG,.  F.  , 70  PERCENT  R.H.  STD.  DAY.  SB  AO.O  FT.  ARC 
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FLIGHT  Transformed,  scaled,  ano  extrapolated  sound  pressure  levels 
59.0  DEG.  F.,  70  PERCENT  R.H.  STD.  OAV,  SB  2400.0  FT.  SL 


FLIGHT  TRANSFORWED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59.0  DEG.  F. , 70  PERCENT  R.H.  STD.  DAY.  SB  2400.0  FT.  SL 


6.1.4  Measured Acoustic  Data  for  Model  3 


ORIGINAL  S3 
OF  POOR  QUALITY 


- 0.853 
R®  - 0.933 
A^/A°  - 0.194 


conic  outer  nozzle 
conic  inner  nozzle 


without  struts  in  outer  flow 


UNTRANSFORHED  MODEL  SOUND  PRESSURE  LEVELS  CORRECTED  FOR  BACKQROUND  NOISE 
99.0  DEG.  F..  70  PERCENT  R.H.  STD.  DAY.  SB  40.0  FT.  ARC 
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FLIGHT  TRANSFORMED  HODEL  SOUND  PRESSURE  LEVELS 
DEG.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  40.0  FTJ  ARC 
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QHT  TRAN8F0RHED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
69,0  DEQ.  F.,  70  PERCENT  R.H.  STD.  DAY,  SB  2400.0  FT.  8L 


MODEL  TEST  POINT  ACOU.<STIC  RANGE  SIZE  FREE-JET  SPEED 

0300  0S09 12.2  M ( 40.0  FT)  ARC  139.0  SQ  CM  C gl.BB  SO  INI  - MODEL  117.30  M/SEC  ( SeS.O 


FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 
EG.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  40.0  FT 


FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LtVELS 


MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE-JET  SPEED 

0300  0310  731.5  M ( 2400.0  FT)  SL  S032.2  SO  CM  (1400.00  SO  IN)  - FULL  0.  M/SEC  ( O.  FPS) 


FLIGHT  TRAN3F0RHED  MODEL  SOUND  PRESSUWE  LEVELS 
EG.  F. , 70  PERCENT  R.H.  STD.  DAY. '^6  40.0  P 


MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SPEED 

0300  0311  731.5  M ( 2400.0  FT)  SL  0032.2  SO  CM  (1400.00  SO  IN)  - FULL  00.09  M/SEC  ( 209.0  FPS) 
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FLIGHT  TRAH3F0WHED  MODEL  aoUWO  PWESaUttE  LEVELS 
EG.  F..  70  PERCENT  R.H.  STO.  DAY,  M 46.6 


HOOEL  TEST  fOINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SKEO 

0300  0318 1g.2  M ( 40.0  FT)  ARC  139.0  30  CH  C 21.88  SO  IN)  - hOOEL  114. SI  H/8EC  t 377.0  FPS) 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 
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FLIOHT  TRANSFORHEP.  SCALED.  AWO  EXTRAPOLATED  SOUND  PWESSUWE  LEVELS 
S9.0  DEO.  F..  70  PERCENT  R.H.  STD.  DAY.  SB  2<400.6  PT.  SL 
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FLIGHT  TRANSFCRHED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
39.0  DEG.  F.,  70  PERCENT  R.H.  Stb.  bAVl  Sft  2400.6  fY.  SL 
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FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
Se.O  DEO.  F,,  70  PERCENT  R.H.  STD.  DAY.  SB  2400.0  FT.  SL 
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MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  I FREE-JET  SPEED 

0400  0410  731.5  N C 2400.0  FT)  SL  9032.2  SQ  CM  (1400.00  SO  IN)  - FULL  117.96  N/SEC  ( 307.0  FPS) 


ANGLES  MEASURED  FROM  INLET,  DEGREES 


IDENTIFICATION  - FJ-2ER-FM0DL  X050I0 


MODEL  TEST  POtNT  ACOUSTIC  RANGE  SIZE  FREE-JET  SPEED 

0500  0501  731.5  M ( 2400.0  FT)  SL  9032.2  SO  CM  (1400.00  SO  IN)  - FULL  O.  K/SEC  ( 0.  FPS) 


IDENTIFICATION  - FJ-300-FM0DL  X0SO25 
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FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 


FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
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IDENTIFICATION  - FJ-300-FM0DL  X05050 
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FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 


IDENTIFICATION  - FJ-400-FM0DL  X05065 
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FLIGHT  TRANSFORHEO  HODEL  SOUND  PRESSURE  LEVELS 


FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUHD  PRESSURE  LEVELS 


IDENTIFICATION  - MODEL  FJ-300-FM0DL  X05060 

BACKGROUND  FJB300-FMODL  X05230 
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DENTIFICATION  - FJ-300-RM®)L  X090BS 


FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 


LOCATION  C41  ANECH  CH  AERO.  RD6.  A0H018  PAMB  ;^9.4533  RELHUM  78.90 
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MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE -JET  SPEED 

0500  0510  12.2  M ( 40.0  FT)  ARC  131.5  SQ  CM  ( 20. 3S  SO  IN)  - MODEL  O.  M/SEC  ( 0.  FPS) 


IDENTIFICATION  - FJ-ZER-FMODL  X05100 


[DENT I FI CAT! ON  - FJ-ZER-FMODL  X05105 
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BACKGROUND  FJB300-FM0DL  X05230 
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ANGLES  MEASURED  PROM  INLET.  DEGREES 


DENTIFICATION  - FJ-ZER-FMODL  X05130 
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MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE-JET  SPEED 
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FLIGHT  TRANSFORMED.  SCALED,  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 


IDENTIFICATION  - FJ-ZER-FMOCl.  X05I60 
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IDENTIFICATION  - MODEL  FJ-300-FM00L  X0S170 

BACKGROUND  FJB300-FMO0L  X05230 
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MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SPEED 

6 3014 12.2  M ( ^.0  FT)  ARC  110.1  SO  CM  ( 17.07  8Q  IN)  - MODEL  117.04  M/SEC  t 3S4.0  FPS) 


FLIGHT  TRANSFORMED.  SCALED,  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
99.0  DEO.  F.,  70  PERCENT  RTh.  STD.  0AY|  Si  i400.0  FT.  SL 


FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59. 0 DEO.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  2400,0  FT.  SL 


FLI3HT  TRANSFdRHED.  SCALED.  AND  EXTRArCB-ATEO  SOUND  PRESSURE  LEVELS 
S9,0  DEO,  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  24C0.0  Ft.  SL 


MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SPEED 

6 3016  731.9  M ( 2400.0  FT)  SL  9032.2  SO  CM  (1400.00  SO  IN)  - FULL  90.63  H/SEC  ( 296.0  FP8) 


FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 
EG,  F.  , 70  PERCENT  R.H,  STOrbAY,  SB  4575“^ 


FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59.0  DEO.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  2400.0  l^t."  SL  ' 
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FLIGHT  TRANSFORHED,  SCALED.  AND  EXTHAPOLATED  SOUHP  PRESSURE  LEVELS 
59.0  DEO.  "r7,  70  PERCENT  RTh.  STD7  DAY.  SB  240b“.dTT.  8L 
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MODEL  TEST  POINT  ACOUSTIC  RANGE  . S|ZE  FREE- JET  SPEED 

7100  7113  12.2  M ( 40.0  FT)  ARC  184.7  SO  CM  ( 23.99  SO  IN)  - MODEL  0.  M/SEC  ( 0.  i^rps) 
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FLIOHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 


FLIGHT  TRANSFORyiEO.  SCALED.  AND  EXTRAPOLATED  50UND  PWESSURE  LEVELS 
S9,0  DEG.  F.,  70  PERCENT  R.H.  STD.  DAY.  SB  2400.0  FT.  SL 
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MODEL  TEST  POINT  ACOUSTIC  RANQE  SIZE  FREE-JET  SPEED 

7200  7203  731. S N ( 2400.0  FT)  SL  9032.2  SQ  CM  (1400.00  SQ  IN)  - FULL  09.36  N/8EC  ( 326.0  FPS) 


FLIOHT  TRANSFORMED,  SCALED.  AND  EXTRAPOLATED  SOUND  PRESSURE  LEVELS 
59.0  IWEG.  F.,  70  PERCENT  K.H.  STO.  OAV.  Sb  2400.0  FT.  SL 


MODEL  TEST  POINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SPEED 

7200  7204  731.5  M ( 2400.0  FT)  SL  9032.2  SO  CM  f 1400. 00  SO  IN)  - FULL  117.96  H/SEC  ( 367.0  FPS) 
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FLIGHT  TRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS 
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UNTRANSFORMED  MODEL  SOUND  PRESSURE  LEVELS  CORRECTED  FOR  BACKGROUND  NOISE 
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FLIGHT  TRANSFORMED.  SCALED.  AND  EXTRAPDLATED  SOUND  PRESSURE  LEVELS 
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POINT  ACOUSTIC  RANGE  SIZE  FREE- JET  SPEED 
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6.2  LASER  VELOCIMETER  TEST  RESULTS 

All  the  parameters  employed  in  the  LV  test  results  tables  are  defined 
below! 

Model  Denotes  the  model  number  of  the  nozzle 
Point  Denotes  the  test  point  number 

Deq  Defined  as  the  equivalent  diameter  based  on  the  flow  area.  Inches 
Outer  flow  radius,  inches 


'2 

J 

,i 


m 

V. 

J 


Outer  flow  velocity,  ft/sec 
Inner  flow  velocity,  ft/sec 
Mixed  flow  velocity,  ft/sec 


o o , 11 

m _ V w + V w 

j ~ o J.  i 
w + w 


Free  jet  speed,  ft/sec 

Type  Trav  Could  be  radial  traverse  (North-South  or  East-West)  or  axial 
traverse 

Position  Position  in  volts  of  linear  voltage  displacement  transducer 
(LVDT),  volts 

Histo  No.  Histogram  number 
U Mean  velocity,  ft/sec 

u'  Turbulent  velocity,  ft/sec 

D Mean  velocity  normalized  with  outer  velocity 


V .o 

J 


u 

V.m 

J 


U 

V.m 

J 


Turbulent  velocity  normalized  with  mixed  velocity 


Mean  velocity  normalized  with  mixed  velocity 


Exit  plane  of  outer  nozzle 
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The  laser  velocimeter  test  results  taken  from  LV  histogram  and  traverses 
are  presented  in  Sections  6.2.1  through  6.2.7  for  Models  1,  lA,  2,  3,  5,  6, 
and  7,  respectively.  The  type  of  traverse,  position,  and  histogram  number  is 
given  along  with  the  mean  and  turbulent  velocity  data.  The  velocities  are 
normalized  with  respect  to  the  outer  flow  velocity  (V?)  and  the  "mixed" 
velocity  (V^) . The  laser  velocimeter  positions  were  shown  in  Figure  14. 

6.2.1  Laser  Velocimeter  Data  for  Model  1 

6 . 2 . 1 . 1 Laser  Velocimeter  (LV)  Point  Histogram  Measuremetns 
for  Model  1 

Table  XVI  contains  a description  of  all  the  basic  types  of  LV 
measurement,  LV  position,  histogram  identification  number  (Histo  No.)  and 
tabulated  mean  velocity  and  turbulent  velocity  information  obtained  from 
the  existing  point  LV  histogram  measurements . 

Following  Table  XVI  are  the  LV  mean  velocity  traces  taken  to  locate 
where  the  point  LV  histogram  measurements  were  to  be  taken  as  well  as  for 
general  d^ostic  information. 


■ 0.853  C-D  outer  nozzle 

■ 0.953  C-D  inner  nozzle 


aVa°  = 0.137 

with  struts  in  outer  flow 

Ri 
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6*2.1,. 2 Lcser  Velocimeter  (LV)  Meaii:  Velocity  Traces  for  Model  1 


Test  point  number  and  plume  location  is  identified  by  matching  the 
identifying  Histo  No.  on  each  graph  with  that  given  in  Table  XVI. 

The  velocity  and  physical  position  information  is  identified  with  hand- 
written scales  on  the  ordinate  and  abscissa. 
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